Abstract-Anatase and rutile phased samarium (Sm) doped titanium dioxide (TiO2:Sm) thin films were fabricated by using laser ablation technique and post annealing at different annealing temperature. After estimation of luminescent property by measuring photoluminescence (PL), anatase phased TiO2:Sm sample which was annealed at 700 o C showed the most intense emission. In this work, we discuss the connection between coordination around Sm 3+ ions and PL intensity, and optical and electrical properties of a n + -ITO/ TiO2:Sm/p-NiO/p + -Si hetero junction LED preparing with optimal fabricating condition.
I. INTRODUCTION
Rare earth elements doped semiconductors are of interest in applications for visible and infrared light emitting diodes (LEDs) and optical amplifiers. In particular, the rare earths doped oxide semiconductors have attracted special attention in realizing low cost and environment-friendly devices. Rare earth ions in the oxide semiconductors are commonly surrounded by oxygen (O) ligands, and the intensity of the rare earths related luminescence is strongly influenced by the crystal symmetry of the rare earth ions. In this study, we chose samarium (Sm) as the luminescent center and titanium dioxide (TiO2) as the host wide-band gap semiconductor, which worked as a window for the light emitting from triply ionized Sm (Sm 3+ ) ions.
II. EXPERIMENTAL PROCEDURE
Sm-doped TiO2 (TiO2:Sm) thin films emit intense red and infrared light at room temperature.
Single phased anatase/rutile type TiO2:Sm thin films have been fabricated by laser ablation and post annealing process. A ceramic target, which is a mixture of TiO2 and a prescribed amount of 1.0wt% Sm2O3, was used in the ablation. The atomic density of Sm included in the target is simply calculated to be 1.5 × 10 20 cm -3 . Both of anatase and rutile type TiO2:Sm samples was selectively prepared just only controlling an O2 pressure in a vacuum chamber. After deposition, the TiO2:Sm thin films were annealed in an O2 atmosphere at temperatures from 300 o C to 1100 o C for 3min to characterize the crystal grain size and to activate the Sm 3+ ions. A He-Cd laser ( =325nm) was used to excite the Sm 3+ ions and to measure PL spectra from TiO2:Sm thin films. X-ray absorption fine structure (XAFS) measurements using synchrotron radiation (SR) were *Corresponding author X. Zhao*, M. Murayama, S. Guan, K. Yoda, K. Shiraishi, and T. Ishii are with Department of Physics, Tokyo University of Science, Shinjukuku, Tokyo, 162-8601, Japan (corresponding author to provide phone: +81-35228-8321; fax: +81-35228-7388; e-mail: xwzhao@rs.kagu.tus.ac.jp).
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performed at BL 27B, Photon Factory, High Energy Accelerator Research Organization, Tsukuba, Japan.
III. RESULT AND DISCUSSION

A. PL and XAFS measurements
The photoluminescence (PL) was observed from 400 o C and reached a maximum at 700 o C, and then disappeared at temperatures higher than 1000 o C as shown in Fig. 1 . The TiO2:Sm samples at annealing temperatures lower than 1000 o C showed the single anatase crystal structure and transferred into a rutile phase at annealing temperature of 1100 o C. It was shown that the samples which showed intense PL have shorter coordination distances and low symmetry for the first nearest neighbors of Sm 3+ ions than that of the samples which did not show PL after the crystal phase transition.
B. Fabrication of a n + -ITO/ TiO2:Sm/p-NiO/p + -Si hetero junction and its estimation
By using the optimal annealing temperature of 700 o C, a n + -ITO/ TiO2:Sm/p-NiO/p + -Si hetero junction LED was fabricated. Fig. 2 shows the electroluminescence (EL) emission intensities from the n + -ITO/ TiO2:Sm/p-NiO/p + -Si LED. The LED emitted red light at room temperature under relatively low threshold bias voltage of 12V. The emitting spectra of the LED have been compared with that of PL and EL measurements, and a single-type Sm 3+ luminescence center was demonstrated to give rise to the red emission under different excitation conditions. Our results strongly suggest that the rare earth ions doped metal oxide semiconductors are promising candidates in realizing visible LEDs.
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